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DISPLACEMENT CONTROL VALVE FOR
VARIABLE DISPLACEMENT COMPRESSOR

BACKGROUND OF THE INVENTION

The present mvention relates to a displacement control
valve for a variable displacement compressor that adjusts the
pressure 1n a control pressure chamber by supplying refrig-
erant from a discharge pressure region to the control pressure
chamber and releases refrigerant from the control pressure
chamber to a suction pressure region so as to control the
compressor displacement 1n accordance with the pressure
adjustment of the control pressure chamber.

In a variable displacement compressor that includes a con-
trol pressure chamber accommodating a swash plate with a
variable inclination angle, the inclination angle of the swash
plate decreases as the pressure of a control pressure chamber
becomes high and increases as the pressure of the control
pressure chamber becomes low. When the inclination angle of
the swash plate becomes small, the stroke of a piston becomes
small and the displacement of the compressor decreases.
When the inclination angle of the swash plate becomes large,
the stroke of a piston becomes large and the compressor
displacement increases. Japanese Laid-Open Patent Publica-
tion No. 2006-3427718 describes a displacement control valve
tor controlling the flow rate of refrigerant supplied to a con-
trol pressure chamber from a discharge pressure region
through a supply passage and the flow rate of refrigerant
released from the control pressure chamber into a suction
pressure region through a release passage to adjust the pres-
sure of the control pressure chamber.

If the variable displacement compressor 1s not operated for
a long period of time, refrigerant liquefies and collects 1n the
control pressure chamber. When the variable displacement
compressor 1s activated 1n a state 1n which liquefied refriger-
ant 1s collected 1n the control pressure chamber, 11 the dis-
placement control valve keep the cross-sectional area of the
regulation passage in a small state, the liquefied refrigerant
cannot be readily released from the control pressure chamber
to the suction pressure region through the regulation passage.
This may increase the pressure of the control pressure cham-
ber to an excessively high level due to vaporization of the
liquetied refnigerant in the control pressure chamber. Thus,
too much time would be required for the vaniable displace-
ment compressor to icrease displacement after activation.

The displacement control valve described in the above
publication includes a bellows, an electromagnetic solenoid,
and a valve body driven by the electromagnetic solenoid. The
valve body 1s connected to a drive rod of the electromagnetic
solenoid. A connection portion i1s connected to the valve body,
and an engagement portion, which 1s contactable with the
connection portion, 1s connected to the bellows. A relief pas-
sage extending to a suction chamber (suction pressure region )
1s formed 1n the valve body. The pressure (suction pressure) in
the relief passage acts on the engagement part joined to the
bellows. A displacement chamber formed outside the bellows
1s 1n communication with the control pressure chamber and 1s
communicable with a discharge chamber (discharge pressure
region) through a valve hole in the valve body. A valve portion
opens and closes the valve hole.

When the variable displacement compressor 1s activated in
a state 1n which liquefied refrigerant 1s collected in the control
pressure chamber, the liquefied refrigerant flows 1nto the dis-
placement chamber. This contracts the bellows and moves the
engagement portion, which 1s connected to the bellows, away
from the connection portion. This enables the liquetied refrig-
erant 1n the control pressure chamber to be released nto the
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suction pressure region and thereby shortens the time
required for the compressor displacement to increase after
activation of the variable displacement compressor.

The relief passage, which 1s for releasing refrigerant from
the control pressure chamber into the suction pressure region,
includes a terminal portion, which extends perpendicular to a
linear shaft passage extending through the drive rod along the
ax1s of the drive rod and opens 1n an outer surface of the drive
rod. The terminal portion of the reliel passage 1s a linear
passage. Accordingly, the structure 1n which the linear shaft
passage and the linear terminal portion extend perpendicular
to each other in the drive rod increases the flow resistance.
This 1s not preferable for readily releasing the liquetied refrig-
erant.

SUMMARY OF THE INVENTION

It1s an object of the present invention to provide a displace-
ment control valve that shortens the time required for the
compressor displacement to increase immediately after acti-
vation of the variable displacement compressor.

To achieve the above object, one aspect of the present
invention 1s to provide a displacement control valve for a
variable displacement compressor for adjusting pressure of a
control pressure chamber by supplying refrigerant from a
discharge pressure region to the control pressure chamber and
releasing refrigerant from the control pressure chamber to a
suction pressure region so as to control compressor displace-
ment. The displacement control valve includes an electro-
magnetic solenoid, a drive force transmission body, a pres-
sure sensitive chamber, a pressure sensitive unit, an internal
passage, a first valve body, a second valve body, a third valve
body. The drive force transmission body 1s driven by the
clectromagnetic solenoid. The pressure sensitive chamber 1s
in communication with the control pressure chamber. The
pressure sensitive unit includes a pressure sensitive body
arranged 1n the pressure sensitive chamber. The internal pas-
sage arranged 1n the drive force transmission body 1s com-
municable with the pressure sensitive chamber. The first
valve body 1s arranged 1n the drive force transmission body to
adjust the cross-sectional area of a passage between the suc-
tion pressure region and the internal passage. The second
valve body 1s contacted with and separated from the pressure
sensitive body and arranged in the drive force transmission
body to adjust the cross-sectional area of a passage between
the internal passage and the pressure sensitive chamber. The
third valve body 1s arranged in the drive force transmission
body to adjust the cross-sectional area of a passage between
the pressure sensitive chamber and the discharge pressure
region. The first valve body includes an annular seal which 1s
contactable with a valve seat surface facing toward the first
valve body. The drive force transmission body includes a
drive rod and a valve body structure having a shaft passage
and forming the first valve body. The drive rod 1s fitted to the
shaft passage and coupled to the valve body structure so as to
form a gap passage between an outer surface of the drive rod
and a wall surface of the shaft passage. The internal passage
includes a recess arranged radially inward from the annular
seal, the shaft passage, and the gap passage. The gap passage
1s 1n direct communication with the recess.

Other aspects and advantages of the present invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by
way of example the principles of the mnvention.
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BRIEF DESCRIPTION OF THE DRAWINGS

The nvention, together with objects and advantages
thereol, may best be understood by reference to the following,
description of the presently preferred embodiments together
with the accompanying drawings 1n which:

FIG. 1 1s a cross-sectional view showing a first embodi-
ment of a variable displacement compressor according to the
present invention;

FIG. 2 1s a cross-sectional view of a displacement control
valve shown 1n FIG. 1;

FIG. 3A 1s a partial cross-sectional view of the displace-
ment control valve shown 1n FIG. 2;

FI1G. 3B 1s a cross-sectional view taken along line 3B-3B in

FIG. 3A;

FI1G. 3C 1s a partially enlarged view of FIG. 3B;

FI1G. 4 15 a partial cross-sectional view of the displacement
control valve shown in FIG. 2;

FI1G. 5 1s a partial cross-sectional view of the displacement
control valve shown 1n FIG. 2;

FIG. 6A 1s a partial cross-sectional view showing a second
embodiment of a displacement control valve according to the
present invention;

FIG. 6B 1s a cross-sectional view taken along line 6 B-6B in
FIG. 6 A;

FIG. 7A 1s a partial-cross sectional view showing a third
embodiment of a displacement control valve according to the
present invention;

FIG. 7B 1s a cross-sectional view taken along line 7B-7B in
FIG. 7TA;

FIG. 8A 1s a partial-cross sectional view showing a fourth
embodiment of a displacement control valve according to the
present invention; and

FIG. 8B 1s a cross-sectional view taken along line 8B-8B in
FIG. 8A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A first embodiment of a clutchless-type variable displace-
ment compressor according to the present invention will now
be discussed with reference to FIGS. 1 to 3.

As shown in FIG. 1, the housing of a variable displacement
compressor 10 includes a cylinder block 11, a front housing
member 12, and arear housing member 13. The front housing
member 12 1s secured to the front end of the cylinder block 11,
and the rear housing member 13 is secured to the rear end of
the cylinder block 11 with a valve plate 14, valve flap plates
15 and 16, and a retainer plate 17 arranged 1n between. The
cylinder block 11, the front housing member 12, and the rear
housing member 13 form the housing of the compressor 10.

The front housing member 12 and the cylinder block 11
define a control pressure chamber 121. The front housing
member 12 and the cylinder block 11 rotatably support a
rotary shatt 18 with radial bearings 19 and 20. The rotary shaft
18, which protrudes out of the control pressure chamber 121,
1s driven by a vehicle engine E, which functions as an external
power source.

A rotary support 21 1s fixed to the rotary shait 18, and a
swash plate 22 1s supported on the rotary shait 18. The swash
plate 22 1s supported to be movable 1n the axial direction of
the rotary shatt 18 and inclinable relative to the rotary shait
18. The rotary support 21 includes guide holes 211. Guide
pins 23 are formed on the swash plate 22. The guide pins 23
are movably fitted 1nto the guide holes 211. The engagement
of the guide holes 211 with the guide pins 23 allows the swash
plate 22 to incline as 1t moves along the axial direction of the
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4

rotary shaft 18 and rotate integrally with the rotary shait 18.
The swash plate 22 1s inclined by moving the guide pins 23
relative to the guide holes 211 while allowing the swash plate
22 to move along the rotary shait 18.

When a radially central portion of the swash plate 22
moves toward the rotary support 21, the inclination of the
swash plate 22 increases. The maximum inclination angle of
the swash plate 22 1s restricted by contact between the rotary
support 21 and the swash plate 22. In the state shown by solid
lines 1 FIG. 1, the swash plate 22 is located at a maximum
inclination position. In a state shown by the broken lines, the
swash plate 22 1s located at the minimum inclination position.
The minimum inclination 1s set at a value slightly greater than
0 degree.

Cylinder bores 111 (only one shown) extend through the
cylinder block 11. Each cylinder bore 111 accommodates a
piston 24. Shoes 25 convert rotation of the swash plate 22 to
reciprocation of the pistons 24. Thus, each piston 24 recipro-
cates 1n the corresponding cylinder bore 111.

A suction chamber 131 and a discharge chamber 132 are
defined 1n the rear housing member 13. The control pressure
chamber 121 1s connected to the suction chamber 131 through
a pressure release passage 63. Suction ports 141 extend
through the valve plate 14, the valve tlap plate 16, and the
retainer plate 17 in correspondence with the cylinder bores
111. Further, discharge ports 142 extend through the valve
plate 14 and the valve flap plate 15 1n correspondence with the
cylinder bores 111. Suction valve flaps 151 are formed 1n the
valve flap plate 15 1n correspondence with the suction ports
141, and discharge valve flaps 161 are formed in the valve tlap
plate 16 1n correspondence with the discharge ports 142. As
cach piston 24 moves from the top dead center to the bottom
dead center (irom the right side to the left side as viewed 1n
FIG. 1), refrigerant 1s drawn from the suction chamber 131
into the associated cylinder bore 111 through the correspond-
ing suction port 141 while flexing the suction valve flap 151.
When each piston 24 moves from the bottom dead center to
the top dead center (from the left side to the right side as
viewed 1n FIG. 1), gaseous refrigerant 1s discharged out of the
associated cylinder bore 111 1nto the discharge chamber 132,
which serves as a discharge pressure region, through the
corresponding discharge port 142 while flexing the discharge
valve flap 161. The opening of the discharge valve flap 161 1s
restricted by abutment against a retainer 171 on the retainer
plate 17.

A suction passage 26, which 1s for drawing refrigerant into
the suction chamber 131, and a discharge passage 27, which
1s for discharging refrigerant out of the discharge chamber
132, are connected to each other by an external refrigerant
circuit 28. The external refrigerant circuit 28 includes a heat
exchanger 29 for recerving heat from the refrigerant, an
expansion valve 30, and a heat exchanger 31 for transferring
ambient heat to the refrigerant. The expansion valve 30 con-
trols the flow rate of the refrigerant 1n accordance with
changes 1n gas temperature at the outlet of the heat exchanger
31.

A check valve 32 1s arranged on the discharge passage 27.
When the check valve 32 1s open, refrigerant flows out of the
discharge chamber 132 into the external refrigerant circuit 28.
When the check valve 32 1s closed, refrigerant cannot flow out
of the discharge chamber 132 into the external refrigerant
circuit 28.

An electromagnetic displacement control valve 33 1is
arranged 1n the rear housing member 13.

As shown 1n FIG. 2, the displacement control valve 33
includes an electromagnetic solenoid 34 having a fixed steel
core 35, a coil 36, and a movable steel core 37. When the coil
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36 1s supplied with current, the fixed steel core 35 1s excited.
This attracts the movable steel core 37 toward the fixed steel
core 35. A biasing spring 38 1s arranged between the fixed
steel core 35 and the movable steel core 37. The spring force
ol the biasing spring 38 biases the movable steel core 37 away
from the fixed steel core 35. A control computer C, which 1s
shown 1n FIG. 1, controls the supply of current to the elec-
tromagnetic solenoid 34. In this embodiment, the control
computer C executes duty ratio control on the electromag-
netic solenoid 34. A drive rod 39 1s fixed to the movable steel
core 37.

A partition wall 41 1s formed integrally with a cylindrical
valve housing 40 of the displacement control valve 33. The
partition wall 41 partitions the interior of the valve housing 40
into a valve accommodation chamber 42 and a pressure sen-
sitive chamber 43. The drive rod 39 includes a distal portion
that defines a fitting portion 64 extending into the valve
accommodation chamber 42. A l1id 54, which 1s fixed to the
valve housing 40, closes the pressure sensitive chamber 43. A
valve assembly 44 1s arranged in the valve accommodation
chamber 42 1n a state coupled to the drive rod 39. A pressure
sensitive mechamism 43 1s arranged in the pressure sensitive
chamber 43. The valve accommodation chamber 42 1s 1n
communication with the suction chamber 131 through a pas-
sage 47. The pressure sensitive chamber 43 1s in communi-
cation with the control pressure chamber 121 through a pas-
sage 48.

The partition wall 41 includes an insertion hole 411, which
extends from the valve accommodation chamber 42 towards
the pressure sensitive chamber 43, and a valve hole 412,
which extends from the pressure sensitive chamber 43
towards the valve accommodation chamber 42. The insertion

hole 411 and the valve hole 412 are in communication with
cach other. The insertion hole 411 and the valve hole 412 each
have a circular cross-section.

The valve hole 412 1s 1n communication with the pressure
sensitive chamber 43, and the 1nsertion hole 411 1s commu-
nicable to the discharge chamber 132 through a passage 46.
The valve assembly 44 includes a main valve body structure
49, which 1s fitted into the msertion hole 411, and a cylindrical
sub-valve body structure 50, which 1s fitted into and fixed to
the main valve body structure 49 in the insertion hole 411.

A shait passage 491 extends through the main valve body
structure 49 along a moving direction of the drive rod 39. A
recess 66 1s formed 1n the lower end of the main valve body
structure 49 1 commumnication with the shaft passage 491.
The shatt passage 491 1s defined by a cylindrical wall surface
492. The fitting portion 64 of the drive rod 39 1s press-fitted
and fixed to the shaft passage 491. A shait passage 501
extends through the sub-valve body structure 50 along the
moving direction of the drive rod 39 in communication with
the shait passage 491. The shait passage 501 1s communi-
cable with the pressure sensitive chamber 43.

As shown 1n FIG. 3B, the fitting portion 64 of the drive rod
39 has an outer surface 65 including two circumierential
surfaces 651 and two flat surfaces 652 and 653. The two
circumierential surfaces 651 are concentric. As shown in FIG.
3C, the flat surtaces 652 and 653 are located inward {from a
hypothetical circumierential surface 654, parts of which are
formed by the circumierential surfaces 651. The circumier-
ential surfaces 651 are in contact with the cylindrical wall
surface 492. Two gap passages 67 and 68 are formed between
the cylindrical wall surface 492 and the flat surfaces 632 and
653. The gap passages 67 and 68 are 1n communication with
the shatt passage 491 and 1n directly communication with the
recess 66.
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The drive rod 39 and the valve assembly 44 form a drive
force transmission body 51 driven by the electromagnetic
force of the electromagnetic solenoid 34. The drive force
transmission body 51 1s driven 1n a direction (driving direc-
tion of drive force transmission body 51) directed from the
valve accommodation chamber 42 towards the pressure sen-
sitive chamber 43. The shait passages 501 and 491, the gap
passages 67 and 68, and the recess 66 form an internal passage
in the drive force transmission body 51 that 1s communicable
with the pressure sensitive chamber 43.

The main valve body structure 49 has an end (annular wall
closing the recess 66) located 1n the valve accommodation
chamber 42 and defining a first valve body 352. The first valve
body 52 1s contactable with a valve seat surface 351 formed
on the fixed steel core 35. The lower surface of the first valve
body 52 forms an annular seal 521, which 1s contactable with
the valve seat surface 351. The recess 66 1s located radially
inward from the seal 521. The seal 521 of the first valve body
52 1s located at an open position when separated from the

valve seat surface 351. In such a state, the recess 66 and the
valve accommodation chamber 42 are in communication.
The seal 521 of the first valve body 52 1s located at a closed
position when 1n contact with the valve seat surface 351. In
such a state, the recess 66 and the valve accommodation
chamber 42 are disconnected. That 1s, the first valve body 52
1s arranged 1n the drive force transmission body 51 so as to
adjust the cross-sectional area of the passage between the
valve accommodation chamber 42, which leads to the suction
chamber 131, and the internal passage.

Further, the main valve body structure 49 has another end
located in the insertion hole 411 and defimng a third valve
body 53. The third valve body 53 1s contactable with a valve
seat surface 413 formed on an opposing wall 1n the 1nsertion
hole 411. The third valve body 53 1s located at an open
position when separated from the valve seat surface 413. In
such a state, the passage 46 leading to the discharge chamber
132 i1s 1n communication with the valve hole 412. The third
valve body 53 i1s located at a closed position when in contact
with the valve seat surface 413. In such a state, the passage 46
and the valve hole 412 are disconnected. That 1s, the third
valve body 53 1s arranged 1n the drive force transmission body
51 so as to adjust the cross-sectional area of the passage
between the passage 46, which leads to the discharge cham-
ber 132, and the valve hole 412. The passage 46, the insertion
hole 411, the valve hole 412, the pressure sensitive chamber
43, and the passage 48 form a supply passage for supplying
the refrigerant 1n the discharge chamber 132 to the control
pressure chamber 121.

The pressure sensitive mechanism 43 includes a bellows
535, a plate-shaped pressure receiving body 56 joined with the
bellows 55, and a biasing spring 57 for biasing the bellows 335
in a direction that expands the bellows 55. A vacuum chamber
58 1s enclosed 1n the bellows 35 so that the pressure (suction
pressure) 1n the shaft passages 501 and 491 acts 1n a direction
that contracts the bellows 55. A stopper 541, which 1s
arranged on the 1id 54, and a stopper 561, which is arranged
on the pressure recerving body 56, are contactable with each
other. The stoppers 541 and 561 cooperate to determine the
shortest length of the expandable bellows 55.

The pressure sensitive mechanism 43, the pressure sensi-
tive chamber 43, and the vacuum chamber 58 form a pressure
sensitive unit including the pressure receiving body 56. The
position of the pressure receiving body 56 in the moving
direction of the drive force transmission body 51 is restricted
in accordance with the pressure (suction pressure) of the shaft
passages 501 and 491. The bellows 535 and the pressure
receiving body 56 form a pressure sensitive body biased 1n the
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driving direction of the drive force transmission body 51 by
the pressure of the pressure sensitive chamber 43.

The sub-valve body structure 50 includes a small diameter
portion 502 fitted into the shait passage 491 of the main valve
body structure 49 and a large diameter portion 39 having a
larger diameter than the small diameter portion 502. The large
diameter portion 59 defines a second valve body 59 that i1s
contactable with the pressure receiving body 36. The second
valve body 59 1s arranged 1n the drive force transmission body
51 so as to adjust the cross-sectional area of the passage
between the internal passage and the pressure sensitive cham-
ber 43. The passage 48, the pressure sensitive chamber 43, the
shaft passages 501 and 491, the gap passages 67 and 68, the
recess 66, the valve accommodation chamber 42, and the
passage 47 form a relief passage for releasing the refrigerant
in the control pressure chamber 121 into the suction chamber
131.

The control computer C shown 1n FIG. 1 allows or stops the
supply of current to the electromagnetic solenoid 34 1n accor-
dance with the activation or deactivation of an air conditioner
operation switch 60. The control computer C is electrically
connected to a room temperature setter 61 and a room tem-
perature detector 62. When the air conditioner operation
switch 60 1s activated, the control computer C controls the
supply of current to the electromagnetic solenoid 34 based on
a temperature difference between a target room temperature,
which 1s set 1n a vehicle with the room temperature setter 61,
and a detected room temperature, which 1s detected by the
room temperature detector 62.

When a vehicle engine E i1s running and the variable dis-
placement compressor 10 1s operated 1n a minimum displace-
ment state, that 1s, a state in which the supply of current to the
clectromagnetic solenoid 34 1s stopped (duty ratio 1s zero), as
shown in FI1G. 4, the first valve body 52 1s located at the closed
position 1n contact with the valve seat surface 351 due to the
spring force of the biasing spring 57. Further, the third valve
body 53 1s located at the open position separated from the
valve seat surface 413. In a state in which the drive force
transmission body 51 1s arranged at a first position where the
first valve body 52 1s located at the closed position and the
third valve body 53 1s located at the open position, the refrig-
crant in the discharge chamber 132 1s sent to the control
pressure chamber 121 so that the inclination angle of the
swash plate 22 becomes minimum, as shown by the broken
lines 1n FI1G. 1. When the inclination angle of the swash plate
becomes minimum, the discharge pressure 1n the discharge
chamber 132 becomes low. This closes the check valve 32 and
stops relrigerant circulation in the external refrigerant circuit
28. When relfrigerant circulation is stopped, an air condition-
ing operation 1s also stopped.

The duty ratio 1s controlled to be 100% when the air con-
ditioner operation switch 60 1s activated to activate the vari-
able displacement compressor 10. Such a control state con-
tinues for a predetermined time (e.g., few minutes) from the
activation of the variable displacement compressor 10.

When the duty ratio 1s controlled to be 100%, the third
valve body 33 1s arranged at the closed position 1n contact
with the valve seat surface 413 against the spring force of the
biasing spring 57. Further, the first valve body 52 1s arranged
at the open position separated from the valve seat surface 351,
as shown in FIG. 2. Therefore, the refrigerant 1in the discharge
chamber 132 does not flow into the control pressure chamber
121.

If a state in which the variable displacement compressor 10
1s not operated for a long time, liquefied refrigerant may
collect 1n the control pressure chamber 121. Thus, if the
liquetied refrigerant collected in the control pressure chamber
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121 flows into the pressure sensitive chamber 43 such that the
pressure sensitive chamber 43 becomes filled with the lique-
fied refrigerant, the bellows 55 would be contracted against
the spring force of the biasing spring 57 by the liquid pressure
in the pressure sensitive chamber 43. As a result, the pressure
receiving body 56 1s separated from the second valve body 59
as shown 1n the state of FIG. 3A, and the liquefied refrigerant
in the control pressure chamber 121 1s released 1nto the suc-
tion chamber 131 through the pressure sensitive chamber 43,
the shaft passages 501 and 491, the gap passages 67 and 68,
the recess 66, the valve accommodation chamber 42, and the
passage 47. Further, the refrigerant in the discharge chamber
132 does not flow into the control pressure chamber 121.
Thus, the pressure (control pressure) 1n the control pressure
chamber 121 decreases and shiits the inclination angle of the
swash plate 22 from the minimum to maximum. In this man-
ner, the recovery operation for shifting the inclination angle
of the swash plate 22 from minimum to maximum after acti-
vation 1s not inhibited by the presence of the liquefied refrig-
crant, and the inclination angle of the swash plate 22 readily
shifts from minimum to maximum.

I1 the inclination angle of the swash plate 22 increases from
the minimum inclination angle, the discharge pressure
increases and the pressure at the upstream side of the check
valve 32 1n the discharge passage 27 rises. Therefore, when
the inclination angle of the swash plate 22 1s greater than the
minimum inclination angle, the check valve 32 opens and the
refrigerant 1n the discharge chamber 132 flows into the exter-
nal refrigerant circuit 28. That 1s, refrigerant 1s circulated in
the external refrigerant circuit 28, and an air conditioning
operation 1s performed.

When a predetermined time elapses during which the duty
ratio 1s controlled to be 100%, the duty ratio control (variable
displacement control) 1s then performed based on the tem-
perature difference between the target room temperature and
the detected room temperature. FIG. 5 shows one example of
a state satisiying 0<(duty ratio)<100%. In this state, the first
valve body 52 1s arranged at the open position separated from
the valve seat surface 351, and the third valve body 33 1s
arranged at the open position separated from the valve seat
surface 413. In a state in which the drive force transmission
body 51 1s arranged at a second position where the first valve
body 52 and the third valve body 33 are both located at the
open positions, the refrigerant of the discharge chamber 132
1s sent to the control pressure chamber 121 through the valve
hole 412, the pressure sensitive chamber 43, and the passage
48. The refrigerant 1in the control pressure chamber 121 flows
into the suction chamber 131 through the pressure release
passage 63, and the pressure (suction pressure) of the suction
chamber 131 1s communicated to the valve accommodation
chamber 42.

The pressure (suction pressure) of the suction chamber 131
communicated to the valve accommodation chamber 42
biases the valve assembly 44 so as to move the third valve
body 53 toward the valve seat surface 413. As the suction
pressure rises, the third valve body 53 approaches the valve
seat surface 413, the flow rate of refrigerant from the dis-
charge chamber 132 to the control pressure chamber 121
decreases, and the control pressure in the control pressure
chamber 121 1s lowered. This increases the inclination angle
of the swash plate 22, increases the compressor displacement,
and lowers the suction pressure. The lowered suction pressure
moves the third valve body 33 away from the valve seat
surface 413, increases the tlow rate of the refrigerant from the
discharge chamber 132 to the control pressure chamber 121,
and raises the control pressure of the control pressure cham-
ber 121. This decreases the inclination angle of the swash
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plate 22, reduces the compressor displacement, and increases
the suction pressure. The suction pressure 1s controlled to be
equalized with a set suction pressure set by the duty ratio for
the electromagnetic solenoid 34.

The first embodiment has the advantages described below.

(1) When the first valve body 52 is located at the open
position, the refrigerant of the control pressure chamber 121
flows 1nto the suction chamber 131 through the shaftpassages
491 and 501 in accordance with the internal pressure of the
pressure sensitive chamber 43. The refrigerant flowing from
the control pressure chamber 121 to the suction chamber 131
through the shaft passages 491 and 501 flows 1nto the recess
66 from the gap passages 67 and 68 along the flat surfaces 652
and 653. The annular recess 66 surrounding the fitting portion
64 enlarges the cross-sectional area of the passage extending
from the shait passage 491 to the suction chamber 131. Fur-
ther, the gap passages 67 and 68 and the recess 66 are 1n direct
communication. That is, the two gap passages 67 and 68 and
the recess 66 reduce the tlow resistance 1n the passage extend-
ing irom the shaft passage 491 to the suction chamber 131.
Thus, the liquetied refrigerant in the control pressure chamber
121 1s readily discharged to the suction chamber 131, and the
inclination angle of the swash plate 22 1s readily shifted from
the mimimum inclination angle to the maximum inclination
angle after activation.

(2) The gap passages 67, 68 are formed by press-fitting the
fitting portion 64, which forms part of the drive rod 39, to the
shaft passage 491. The coupling structure 1n which the drive
rod 39 1s press-fitted to the shaft passage 491 to form the gap
passages 67 and 68 1s simple and convenient.

(3) The gap passages 67 and 68 are formed by forming the
flat surfaces 652 and 653 1n the outer surface 65 of the fitting
portion 64. The structure 1n which the flat surfaces 652 and
653 are formed on the outer surface 635 to obtain the gap
passages 67 and 68 1s simple and convenient. Further, the
formation of the tlat surfaces 6352 and 633 is convenient.

(4) There 1s a strong demand for miniaturization of the
displacement control valve 33 used 1n the variable displace-
ment compressor 10, which 1s installed 1n vehicles. Thus,
reduction 1n the diameter of the drive rod 39 1s required. It 1s
therefore desirable that the circumiterential length of the cir-
cumierential surfaces 651 in the fitting portion 64 be maxi-
mized to reinforce the coupling of the drive rod 39, the diam-
eter of which cannot be increased, and the main valve body
structure 49. Further, to reduce the flow resistance in the
passage extending from the shaft passage 491 to the suction
chamber 131, 1t 1s desirable that the cross-sectional area of the
gap passages 67 and 68 be maximized. The structure of using
the two gap passages 67 and 68 1s preferable for reinforcing,
the coupling of the drive rod 39 and the main valve body
structure 49 while ensuring an optimal cross-sectional area 1n
the gap passages.

A second embodiment will now be discussed with refer-
ence to FIGS. 6A and 6B. To avoid redundancy, like or same
reference numerals are given to those components that are the
same as the corresponding components of the first embodi-
ment.

As shown 1n FIG. 6 A, a wall surface 661 forming a recess
66 A 1s a conical surface 1n which the diameter decreases from
the drive rod 39 towards the main valve body structure 49.

As shown 1n FIG. 6B, an outer surface 635A of the fitting
portion 64 includes two circumierential surfaces 651 and two
concave surfaces 635 (circumierential surface in this embodi-
ment).

The conical wall surface 661 and the cylindrical wall sur-
tace 492 of the shaft passage 491 intersect at an obtuse angle.
Thus, the conical wall surtface 661 reduces the flow resistance
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in the passage extending from the shaft passage 491 to the
suction chamber 131. The cross-sectional area at gap pas-
sages 67A and 68A between the circumierential surfaces 651
and the concave surfaces 655 1s larger than the cross-sectional
area of the gap passages 67 and 68 in the first embodiment.
This reduces the flow resistance in the gap passages 67A and
68A. Further, the coupling of the drive rod 39 and the main
valve body structure 49 1s remnforced by the shapes of the
concave surfaces 655.

A third embodiment will now be described with reference
to FIGS. 7A and 7B. To avoid redundancy, like or same
reference numerals are given to those components that are the
same as the corresponding components of the first embodi-
ment.

As shown 1n FIG. 7B, an outer surface 65B of a fitting
portion 64B 1s a circumierential surface, and the cylindrical
wall surface 492 forming the shaft passage 491 has a lower
portion including two concave surfaces 493. The gap pas-
sages 678 and 68B are formed between the concave surface
493 and the outer surface 65B, and the gap passages 67B and
68B are 1n communication with the shaft passage 491 and the
recess 66.

The third embodiment has advantages (1) and (2) of the
first embodiment.

A fourth embodiment will now be described with reference
to FIGS. 8A and 8B. To avoid redundancy, like or same
reference numerals are given to those components that are the
same as the corresponding components of the first and third
embodiments.

Gap passages 67C and 68C 1n the fourth embodiment have
the features of the gap passages 67 and 68 1n the first embodi-
ment and the features of the gap passages 67B and 68B 1n the
third embodiment. The cross-sectional area of the gap pas-
sages 67C and 68C formed between the flat surfaces 652 and
653 and the concave surfaces 493 1s greater than any of the
cross-sectional areas of the gap passages in the first to the
third embodiments.

It should be apparent to those skilled 1n the art that the
present mvention may be embodied in many other specific
forms without departing from the spirit or scope of the mven-
tion. Particularly, 1t should be understood that the present
invention may be embodied in the following forms.

The pressure sensitive unit may include a pressure sensitive
body having a diaphragm.

A pressure sensitive unit using a piston type movable wall
as the pressure sensitive body may be employed.

The present invention may be applied to a variable dis-
placement compressor that receirves drive force through a
clutch.

The present examples and embodiments are to be consid-
ered as illustrative and not restrictive, and the invention 1s not
to be limited to the details given herein, but may be modified
within the scope and equivalence of the appended claims.

The mvention claimed 1s:

1. A displacement control valve for a variable displacement
compressor for adjusting pressure of a control pressure cham-
ber by supplying refrigerant from a discharge pressure region
to the control pressure chamber and releasing refrigerant
from the control pressure chamber to a suction pressure
region so as to control compressor displacement, the dis-
placement control valve comprising:

an electromagnetic solenoid;

a drive force transmission body driven by the electromag-

netic solenoid:

a pressure sensitive chamber which 1s 1n communication

with the control pressure chamber;
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a pressure sensitive unit including a pressure sensitive body
arranged 1n the pressure sensitive chamber;

an internal passage arranged in the drive force transmission
body which 1s communicable with the pressure sensitive
chamber:

a first valve body arranged 1n the drive force transmission
body to adjust the cross-sectional area of a passage
between the suction pressure region and the internal
passage;

a second valve body contacted with and separated from the
pressure sensitive body and arranged 1n the drive force
transmission body to adjust the cross-sectional area of a
passage between the internal passage and the pressure
sensitive chamber:; and

a third valve body arranged 1n the drive force transmission
body to adjust the cross-sectional area of a passage
between the pressure sensitive chamber and the dis-
charge pressure region;

wherein the first valve body includes an annular seal which
1s contactable with a valve seat surface facing toward the
first valve body;

the drive force transmission body includes a drive rod and
a valve body structure having a shaft passage and form-
ing the first valve body;
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the drive rod 1s fitted to the shaft passage and coupled to the
valve body structure so as to form a gap passage between
an outer surface of the drive rod and a wall surface of the
shaft passage;

the internal passage includes a recess arranged radially
inward from the annular seal, the shaft passage, and the
gap passage;

the gap passage 1s 1n direct communication with the recess;

the wall surface of the shait passage includes a circumfier-
ential surface:

the outer surface of the drive rod includes a circumierential
surface and a retracted surface located mmward from a
hypothetical circumierential surface having the same
diameter as the circumierential surtface; and

the gap passage 1s formed between the wall surface of the
shaft passage and the retracted surface.

2. The displacement control valve according to claim 1,

wherein the drive rod 1s press-fitted to the shait passage.

3. The displacement control valve according to claim 1,

wherein the retracted surtace 1s a flat surtace.

W]

4. The displacement control valve according to claim 1,
nerein the gap passage 1s defined by a concave surface,

W]

n1ch 1s formed 1n the wall surface of the shatt passage, and

the outer surface of the drive rod.

5. The displacement control valve according to claim 1,

wherein the gap passage includes two gap passages.

% o *H % x
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